The lethal and detrimental loads per second chromosome rapidly increased from 1968 to 1970 in a local population of Drosophila melanogaster in Japan (lethal load, from about 0.16 to 0.38; detrimental load, from 0.125 to 0.231 [Watanabe, T. K., Watanabe, T. & Oshima, C. (1976) Evolution 30,[109][110][111][112][113][114][115][116][117][118]). When the homozygous loads were measured in 1983, the lethal load had decreased to approximately the original amount (0.19) but the detrimental load had stayed high (0.241). The rise and fall of the lethal load can be accounted for by a P-type element that invaded a population with M cytotype, producing a high mutation rate. The mutation rate fell back to the earlier value after the cytotype became P. That the detrimental load did not decrease can be explained by assuming a longer persistence for detrimental mutations in the population. Evidence for a P-type mutator factor is that the mutation rate of the wild-type chromosomes differs between the different cytoplasmic and chromosomal backgrounds, being lower in the background from which the chromosomes were taken.
Since the P element was detected in Drosophila melanogaster (1, 2) the studies on this factor have advanced a great deal, and now it is clear that this element and its derivatives are ubiquitous. Two hypotheses have been proposed to explain the relationship between strain distribution and laboratory age of the P factors or, more generally, of transposons-i.e., the rapid-invasion hypothesis (3) (4) (5) and the recent-loss (or stochastic-loss) hypothesis (6) . The former assumes that the invasion of the P elements into natural populations occurred recently and their frequencies rapidly increased. Thus, the frequency of the P element-carrying strains is lower in the old laboratory strains than in the recently established ones. The latter hypothesis assumes the reverse order, namely, the natural populations had been invaded by the P elements or transposons and they became ubiquitous many years ago, and the lower fraction of the P element-carrying old laboratory strains is caused by the stochastic loss due to small population sizes in the laboratory after their establishment.
The P type transposable elements cause the induction of mutations in the M type cytoplasm as a component of the syndrome of hybrid dysgenesis (7, 8) . To investigate the presence of P type elements in a local population of D. melanogaster that had been investigated over a 10-year period by C. Oshima and his associates (9) , we have estimated inbreeding depression per second chromosome in both the M type (foreign) and P type (native) cytoplasms. Com Proc. Natl. Acad. Sci. USA 82 (1985) the latter cross, the last line (n) was crossed with the first line (line 1). In the offspring of these crosses, phenotypically Cy flies and wild-type flies segregate. In the former cross, if wild-type flies do not appear, it implies that +j chromosome carries at least one recessive lethal gene. The viability was expressed by the 2 x (number of wild-type flies)/(number of phenotypically Cy flies + 1). The 1 in the denominator is for the correction of bias induced by averaging ratios (11) .
Estimation of Homozygous Load. Homozygous load relative to the average viability of the random mating population or inbreeding depression was estimated (cf. ref. 12). Let A, B, and C be the average viabilities of random heterozygotes, all homozygotes, and homozygotes excluding lethal lines, respectively. Then, the total homozygous load described above (7) can be estimated and partitioned into detrimental (D) and lethal (L) loads by the following formulae: Homozygous Loads and the D/L Ratio. The average homozygote and heterozygote viabilities in the native and foreign backgrounds are described above. The homozygous load measured from the optimum genotype in the native background; LR = random load measured from the optimum genotype in the native background; LI(N) = homozygous load due to mutations induced in the process of extraction of the chromosomes in the foreign background; LR(N) = random load due to mutations induced in the process of extraction of the chromosomes in the foreign background; and h' and k' are the degrees of dominance of nonlethal deleterious mutant genes induced in the foreign background in the phenotypically wild-type and Cy heterozygotes, respectively. s' is the selection coefficient of newly induced nonlethal deleterious mutant genes. We use Wright's fitness model (13) . Then,
[2]
In the present experiment, D' -D 0. Therefore, LI(N) LR(N), which means that inbreeding depression is nearly 0. In the case in which additivity holds true between the alleles at the same loci, inbreeding depression is not manifested. Thus, the degree of dominance of nonlethal deleterious mutant genes (h') is approximately 0.5 on the average. An approximate estimate of LI(N) (and LR(N)) at the chromosomal level can be obtained as follows: From Mukai (13) ,
Thus, ifk' = 0.3 to 0. (9) , the data were reanalyzed using a new index-that is, 3 times the Oshima index/100. The essence of the present and previous (9) experimental results is presented in Table 1 , and the results with respect to lethal genes are presented in Fig. 2 . From the figure, it is clearly seen that the frequency of lethal second chromosomes increased from approximately 16% to about 32% within 2 or 3 years (1968) (1969) (1970) (1971) . Furthermore, the frequency until 1968 is approximately equal to that estimated in the native background in 1983 (0.176 ± 0.020). In addition, the average frequency from 1970 to 1973 (0.317 ± 0.010) is nearly the same as that estimated in the foreign background in 1983 (0.278 ± 0.024). These findings indicate that the actual frequency oflethal-carrying second chromosomes in the 1983 Katsunuma population is about 18%, which is nearly equal to the frequency until 1968. The difference (0.278 -0.176 = 0.102) is speculated to be due to lethal genes induced in the process of isolation of the chromosomes, as stated above. This phenomenon suggests a rapid change in lethal mutation rate-i.e., it increased in 1966-1968 and decreased in around 1972. Following this change in mutation rate, the frequency of lethal-carrying second chromosomes increased and then decreased nearly to the original frequency.
The mode of dynamics of detrimental load is different from that of lethal genes (Fig. 3) . The magnitude began to increase in 1968 and by 1971 it reached a level that appears to have been approximately maintained up to the present time. The above difference may be explained if the detrimental mutation rates fell down to the original level around 1972, since the persistence of detrimental mutations in the population is much longer than that of lethal mutations. Although the average of h' for newly arisen detrimental mutations was estimated to be about 0.5, its genetic variance is also large (15) . Thus, the detrimental mutations with large h's' will be rapidly eliminated from the population, but those with small h's' will be maintained in a population for a long time.
Nature of the Mutator Factor. Until this mutator factor has been cloned, we cannot be sure of its true nature. Although it shows P-M hybrid dysgenesis, this mutator factor seems to be different from the typical P element since it probably works immediately after fertilization or at least some cell generations before primordial germ cells differentiate (cf. refs. 7 and 9). The evidence is as follows: The allelic lethal mutations appeared in all gametes carrying non-Cy second chromosomes when lethal mutations occur in single F1 hybrids, but, as described above, mosaic lethal mutations as the results of the appearance of lethal mutations after gonad cells differentiate in F1 hybrids do not appear to have occurred. This mutator factor is most probably different from the Ifactor of Picard (16), since the dysgenesis described here is in males, in contrast to that seen in I-R dysgenesis.
Thus, it is hypothesized that some type of transposon similar and perhaps related to the P element invaded the Katsunuma population around 1966 and increased its frequency, and, by 1972, all individuals in the population were contaminated by this factor (the genotypes and cytotypes of all the individuals become the P type). Under this hypothesis, the rapid increase in the frequency of the mutator factor and the decrease of mutation rate to the original level can be explained easily. The former is due to replicative transposition of transposable elements and the latter can be primarily in the M cytotype, which is changed to the P cytotype by the presence of transposable elements in the genomes, as has been described for the P element in laboratory experiments (1). tEstimated frequency of lethal-carrying second chromosomes. tPredicted frequency of second chromosomes that carry lethal mutations induced in the process of the extraction of chromosomes. §Estimated frequency of lethal-carrying second chromosomes in the population.
Examination of the Hypothesis of the Invasion of the Elements. The following assumptions were made for cytotype: (i)
In the crosses of P(Y9) x P(dd), P(99) x M(d 6), and M( 9 9) x M(d 6), the cytotypes of the progeny are the same as the cytotype of the mother and the mutation rate is not increased. (ii) In the cross of M( 9 9) x P(6T 6), the cytotype of a fraction of the progeny changes to P, while that of (1 -a) remains M, but the mutation rate in all the progeny increases at the increment of v. If the frequency of the P cytotype is P and that of M is (1 -P) and generation is expressed by t, the following approximate differential equation can be obtained: dP/dt aP(1 -P).
[3]
From this, the following two equations can be obtained, in which P0 is the frequency of individuals carrying the P cytotype in the starting generation: [5]
If we assume that the frequency of the mutator-induced detrimental allele is q and that q is much smaller than 1, then the following approximate differential equation holds: dq/dt -qhs + P(1 -P)v, [6] in which hs is the heterozygous deleterious effect of a mutator-induced detrimental allele. When hs is much smaller than a, the following equation can be obtained: Table 2 . An approximately 10% increase in the frequency of lethal-carrying second chromosomes can be seen 6 years after the invasion of the putative transposon. The amount of increase in the frequency of lethal-carrying second chromosomes 6 years after the invasion of the putative transposon can be predicted by formula 7. Assuming Po = 0.001, a = 0.25, v = 0.10 per second chromosome per generation, and hs = 0.03, the approximate increment in the frequency becomes 0.094, which is very close to the figure shown in Table 2 (0.099). Thus, the results observed are most reasonably interpreted as being due to the rapid invasion of a P-type element.
Transposons and Detrimental Load. The experimental results presented above clearly showed that detrimental genetic load increased over a period of several years. This phenomenon is most easily understood as the result of the invasion and spread of a putative transposon. This view and the mounting data on transposable elements in general (cf. ref. 17 ) hold mutagenesis to be the primary biological consequence of these elements. The contributions of transposable elements to the lethal and detrimental loads can be substantial (as in this case). But 
